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1. Ef;::1hof Elevated Levels of Carbon Dioxide in the Spacecraft
Atmosphere.

The purpose of this research was to obtain more definitive data
relative to prolonged exposure to ambient Pgpy levels of 23 mm Hg at
two different barometric pressures. The initial phases of this re-
search were completed prior to receipt of this PR and a portion of
the results was presented at the 1963 annual meeting of the Aerospace
Medical Association. A copy of this paper is included for your perusal.
Analysis of electrolyte studies in regard to this research is in pro-
gress and the data will be forwarded to you when it is available.

2. Effect of Ventilating Air Flow on Water Requirements.

Equipment is being ordered and designed for this area of research.
The test device should be assembled during the next quarter and check-
out should begin shortly thereafter.

3. Oxygen Toxicity Studies on the Hormonal and Metabolic Mechanisms.

Literature pertinent to the effect of high oxygen partial pressure
on enzyme systems is being reviewed. Work has started to develop certain
enzyme procedures in our laboratories and additional equipment ordered.

4. Examination of Respiratory Requirements and Total Water Balance
in a Sealed Environment.

Work has continued on the mounting, instrumentation and checkout of
the molecular sieve and its associated vacuum equipment. A COj collec-
- tion system has been devised and is being checked out. As soon as a
suitable chamber becomes available, this will be installed and experi-
mental data obtained.

5. Trace Contaminant Area Gas Chromatography.

Attempts are being made to improve the existing devices by increas-
ing their sensitivity to CO. This is being done by developing a Karman-
type ionization detector for on-hand chromatographs. Chambers have been
designed to be used as mixing devices for the preparation of standard
<F’ mixes for IR spectra determination.



6. Decvelopment of a Reliable Gas Analyzing System for Oxygen and
Carbon Dioxide.

A bread-board prototype of a non-dispersive IR device for COy
analyses has been fabricated. This device utilizes no moving parts.
At present, full-scale deflection has been achieved at approximately
ten percent CO3. The next step is to achieve full-scale deflection
with five percent COg9 and to stabilize the baseline.
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IITTRODICTION
The advent of proienged manned space mtssicns and the necesgary utilization
of the sealed atnosphere have increased the xequirement for knowledge of man's
regsponge to the various anvironmental factors cowpricing his atiwosphere. One
uch ractor, the Carbom dioxide concentration in the spacecraft atmosplere,

requires further study and definition of toleraace 1lisits, even thougn the

present design limits estzblished for nominel operation (5«7 mm Hg PcOz) are
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well within human tolerance. Tre utillzztion of €0, rexoving cystems waich
operate more efficiently at highex CO, concentzatioas, the possibility of

mechanical failure of the €O, removal systen, and the probability of iacressed

2
CO; levels resulting from overloads on the CO, rewoval system during rondezvous
flights and emergencies, all exemplify the need for accurate, thorough kacwledge

of human tolerance limits for CO2 in various ggpacacraft acmespheres.

Tolerance to chronic exposure to L0y in the sca level atmosphere has
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been the subjcct of a nurbor of studies end kas beea discussed by Echaefer

end reviewsd by ciher 2,4,5,17

feports of alteraticns of GO 2 tolerance at
altitude, where hypexie hyperventilaticn ia supardnposed upon the cficets of
coz, have also been wu*’zghcd;l hewever, tha studies are not applicable to the
low precssure 0 -enracb ed artificial atmosphere, Studies by sonz investigstors
might lead one to believe that COZ tolerance wiuld vary with gos density or
atmospheric prassure, Lamphiezé reporta elevated alveolar HCOZ levels (PAQOZ)
in working subiccts, b:eachinj air under four etmsspheres of pressure, but

no elevction of I'an 2 if subjects breathed Ee,~0, miztures at that pressure;
the latter atmosphoeres being less dense, Cu the other hand unzeblished
studies by cur owm group hud iudlested reduction ¢f PAcoz in the low-pressure,
0,enriched stmosphera, Eush alterzilers in P¢C09 witls brrovetrle pressure,
pozsibly duc to ventiletory changes related o gos Zulvy, eould {nfluence
tolerance for €0,. Msrecror, stedies by Otis sad 2oubouer™ ¢ rnstrated

decreaced work of breaching at reduced baronziris vrocoures., Oohay alterations

(J

. 12
ia pulmcnary mechsaies =ach as chanses in breazh noldiag time™ " and vital
7,9
L

V-

capacity t reduced pressures, 2lso rafse quostions as to the effoct of ree

v

duced pressure upoa tolevansze for C02 The prascul situdy was undertaiea o
cnse to elevated COZ concentrations

perticularly comparing responses at 700 su 1y te those at 200 mm Hg toizl prese

cbtain additienal data regarding ran's Tes

sure,

vrm oy 4 n A pags o
A:t, J_IAIA-L“ f“ i d .ur

Fevregdmontal Sequenca, The eight subjocts voze kealehy, young &ir Force

L

pilota, who volunteercd for the studies, They were earclfully cercened prior to



the experiments at the USAF School of Aerospace lMedicine Consultation Sexvice
for medical and psychiatrie ebnormalities,

The eight subjects were divided into groups of four. The first four wore
carried through the experimontal soquence in late 1962 and will be roted bty nucbey
as 21, 22, 23 and 24, and tha sccond four in early 1963, noted as 25, 26, 27
end 28 throughout the remainder of the paper. The 1962 and the 1963 experimonts
will be noted as 62«6 and 631 respectively.,

In daily medical evaluaticn a survey of gymptoms was made by en attending
physician, At intervals a phyciclan entered, by zocans of a logk, into the chazber
and personally exzmined the subjects., Daily routine of the subjests in the
chamber was uniform, with a five~hour sleep peried, supplemented by two=hour rest
periods, Activity vas ecseantially lirmited to twoehour shifts on a psychomotor
testing panel, reading, study, hygiene, personal eare, and maintonance of internal
chamber faeilities, During this experimant the subjects wore fed a standardized
diet designed by Sctizzhawls for study of ecpocts to be reported elsevhere.
Calofic intake was cetered out at 20«40 kilccalories/kilogram.

These studies were conducted in an altitude charher at thae USAF School of
Aerospace Medicine in San Antonio which had been adapted for atmogpheric control.
The €O, was monitored by a Beckman LB-l infrarcd Co2 analyzer. The 0, was
monitored by a Beckman Fe3 analyzer. Recalibration was cerried ocut every twelve
hours. Readings were taken every 15 minutes 2nd the average rezdings are as
presented in Table I,

The subjects were successively exposad to four gzssous environments whose
compogitions are presented in Table 1. The dureticn of the exposure was four

days in each atmosphere carried out in the same sequence 88 they are listed in



Table I. Hovever, follouing the exposuve to tha €O,

-

erich 700 mm Hg etmoophere
the subjects were removed from the chasber for four days to permit recovery prior
to exposure to 200 m lg pressure, Coz levels were maintained to provide come

parable tracheal partisl pressures of Ccz (9150 = 21 mm Hg, BIPS)., This PI%OZ

2
is equivalent to 3 percent €0, (BIP3) st cea level.

inspired partial pressure of oxygen (PIGZ) was held to similar levels in
each of the four atmospheras such that regults would not be influgnced by gross
changes in POy, hypouia or oxygen toxicity., Tooperature was selfeselected by
the subjects., In transitioa from the COy=1low to the CO,-rich atmosphere, the
€O, level was gradually increased over a four heur period, The subjects were
‘not told when or how much the CO2 levels would be elevated, nor what symptoms

way be anticipated,

Regpiratory Studiocs. Basal respiratory ctudizss were performed with the

subjects fasting and in the recuzbent position, after they had awakened from
8 five hour rest period.

Ingpiratory mianuta volume (61) vas neaszsured in exzperiment 62+6 using a
servospirometer made by Custom Englneoring and Development Company. In experie.
ment 63-1, 6& vas meesurad with a Tissot spiromater. Both methods gave comparable
results. Subjects breathed from seven to ten minutes for collection of the
semples. Expiratory minute volume (GE) was wmeasured by collecting erhaled air
in a Douglas bag during the ﬁl collection, and measuring its volume in the Tissot
spirometer, From these reacurements ﬁi and ?E were caleulated for the BIPS
state, End tidal air (alveolar air) was collected by the Rehn Sampler technique
10

with the gubject recumbent, immediestely following the ii and Gg collecctions,

Samples of alveolar air, mixed expired air, and cchin atmosphers were collected
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with syringes lubricated with saturated LiCl and were then analyzed.

In experiment 62-6 the oxygen and carbon dioxide content were deter-

mined by the Scholander micro~gas analyzer.l6

In experiment 63-1, these
gas contents were determined on the Beclunan E-2 oxygen analyzer and the
Liston-Becker-l infrared carbon dioxide znalyzer. Comparable results were
obtained in each case.

From these studies further derivations could be calculated. Dead
space (Vp) was calculated from the Bohr Equation. €0y production (ﬁcoz),
07 consumption (602), and alveolar ventilation were calculated by equations
presented by Rahn.ll

The respiratory studies for the eight subjects were then subjected
to a repeated meagurement-type of analysis of variance, and the statistical
significance of differences occurring in the COz-rich atmospheres was com-

puted.

Blood Studies, Venous samples were collected anaerobically nearly

every day. Analyses of pH and PCOZ were made using pH and PCOZ electrodes,
made by Instrumentation Laboratories, Inc, The pH values were then recal-
culated to that value corresponding to a Pgg, of 40 mm Hg using the

Henderson Hasselbalch equation modified as follows:

pH + ApH = pK + log | (HCO3) + 2.54 (Hb)(f-pﬂ)-‘
L0301 pCO, J

where ApH = the change in pH

Hb = millimoles of hemoglobin/liter of blood
2.54 = factor of buffer capacity of hemoglobin (~2,54mM HCO3/mMib/
pH unit)
pPK = 6.10

The calculation permits evaluation of acid-base balance irrespective of
hyper- or hypo-ventilation. The derived valussg, of course, must be viewed

as approximations.



After four days exposure of the subjects to each artificial
atmosphere, arterial samples were obtained by brachial artery
puncture, Analysis of Poz was made without delay by means of
Clark electrode and the pH and pCO, were measured and treated in
the same fashion as for the venous blood. End tidal alveolar
samples were drawn at the time of arterial puncture by the Rahn
sampler for analysis of alveolar gas. It was thus possible to

compute alveolar-arterial oxygen gradients.

RUSULTS

Sukjective Nesconses. Though the subjects were not told when

CO0y was added to the atmosphere, their acuity was augmented by taike
ing to each other -and they were not oblivious to changes in gas
injection patterns on the incide of the chamber necessary to altex
the chamber atmospheres. In spite of such clues, one subject (27)
thought CO) not to be elevated at all at 700 zmu Hg. Another subject
(25) suspected CO, elevation one day previous to its actual intro-
duction at 200 mm Hg.

Avareness of hyperventilation was the most helpful physiologic clue,
and seven subjects (21, 22, 23, 24, 25, 26 and 28) noted this symptom,

particularly in the first two or three days of each COz-rich atmosphere.



Thercafter they became less aware of hyperventilating except for subject
22 vho was equally aware of it throughout the four days of COz-rich
atnosphere exposure. Some subjects noted hyperventilation oanly inter-
nittently during certain activities, such as vhen in bed (21 and 22) or
while sitting working at the psychomotér panel in the evenings (23 and 24),
or when fatiguec {25, 26, 27 and 23). Tais variable awareness 6f hyper-
ventilating led subjects to suspect that 002 levels were intermittently
elevated,

Tingling and nusbnoss of the cxtrowities, symptoms suggestive of
excessive hyperveatilation resulting in hypocapnia, were scen on one
occasion in two subjects (25 and 28) during the first day of Co, enrich=~
ment at 700 ma Iz, Subject 28 also notced light headedness at tha same
tice,

One subject (22) developed a headache on tlie first day of exposure
to the CO,-rich atmospliere at 700 mm llg. Five subjects (z1, 22, 25, 27
and 28) developed headaches on the first day of exposure to the low
pressure, CO,-rich atiosphere; Three (21, 22 and 25) of the five had
intermittent headaches for the next two days. The headaches were mild
and gencrally lasted for one or two hours, No headaches wefe reported
during the low €O, periods.

Inspiratory Minute Volume (ﬁll‘ Figure 1 shows the day~to-day

averages for the ecight subjects. It can be secen that there wvas no

appreciable change from the pre-cxperimental control values to the 700 mm
Hg, low-CO2 atmosphere, However, upon addition of COZ’ 91 increased and
remained elevated throughout the four day CO,-rich period with no upward

or downward trend. Upon return to San Antonio ambient atmosphere, Vi

returned to baseline values.



Throughout the low--CO2 200 mm lUg atrosphere, four’of the subjects
(25, 26,\27 and 20) demonstrated moderate hyperventilation, raising the
averages during that period to somovhat higher than control values,l Again,
upon addition of co, to the atmosphere ﬁI increased markedly.

Four-day averages for all cight subjects are tabulated in Tgble II,.
Tt can be scen that although subjccts began with moderate hyperventilation

2 atmosphere, their Vi increment, on addition of

COZ’ was ncarly the same as in the 700 =n Hg atmosphere,'

in the 200 m Hg low-CO

Analysis of variance of the ﬁi values indicated:

1.. A highly significant increase in v upon addition of €0, (rL.001).

I
2.. A possibly significaat increase in 61 due to the lower pressure
alone, (P & .025).

3.. No significant changes betweeén the pre- and post-experimental

values.

Alveolar Carbon Dioxide_LgAcozl. Figure 2 shows the day-to-day
averages for the eight subjects., Changes in alveolar carbon dioxide
corresponded to changes in inspirvatory minute volume. PAC02 increased
upon addition of €O, and decreased vhen CO, was removed. There weré no
significant upward or dowmard trends during the CO, exposure periods,

Four-day averages for all eight subjects are tabulated in Table III.
Corresponding to the relatively greater ventilation during both phases
at 200 tm HgﬁPACOZ was relatively less during both phases at that pressure,
However, the Pgo, increment on addition of CO; was nearly the same at
200 mm Hg as at 700 mn Hg.

Analysis of variance of the Pppg, values indicated:



1. A highly significant iacxrease in PACOg upon addition of €oy.

2. No significant day-to-day trends within any four-day period,

3. A significent decrease in 2AC02 acsociated with the lower
pressure (p{.005).

4, Possibly significant decrease in the post-experimental PACOZ
values ccmpared vith the pre-experiment EACOZ values,

Other Pesniratory Studies, 1In Table IV it can be geen that respira-

tory rate changed only slightly in respense to the COp-rich atmosphere,
whereas tidal volume increased by one-~third, accounting for most of the
increase seen In inspiratory minute volume. This is consistent with
regults of other investigators for this level of C02.13 Figure 3 shows
the daily averages for tidal voluzme and respiratory rate for all eight
gubjects. The increase in rate during exposures to carbon dioxide was
significant at the .0l level. The concurrent increase in tidal volume
was likewige significant,

It can be seen in Figure 4 that averaze daily alveolar ventilation
increased upon addition of CO2 to the atmosphere at 700 mm Hg and at 2G0
me Hg. The changes here parzllel changes in inspiratory minute volume,
However, average alveolar ventilation at 200 mm Hg continued to rise
throughout the four days, statistically of borderline significance. This
upward trend is not reflected in a corresponding drop in alveolar PCOZ,
and day-to-day fluctuations of thig measurement in any given subject were
considerable. Thus the significance of this upward trend is not immediately
clear and may be a random variationm.

In Pigure 4, the daily vital capacity averages are also presented.

Though vital capacity was apparently uninfluenced by carbon dioxide exposure,



a decreage cccurred inm all eight subjects during the exposure to reduced
preseure. The averzze decrease for all eijht subjects for the eight-day
period compared to the eijht days in the 700 mnm Hg atmosphere was 10 percent,
In Figure 5, daily averages of oxygen consunption and carbon dicxide
proauction are presented. From the graphs thore is a suggestive, gradual
downward trend throughout the experiment, possibly due to progressively

more baszl conditions. Oxygen consunptica was found to be silgnificantly

iaccpheres than during the

[%3

lover duriny tho exposure to the CO Os~rich 2
four-day control periois. Houwever, thoss valucs for the COy~rich atmospheres
were not lower than the subscquent measurcuents taken in the recovery zad
post-cxperimental phases, Although values for carbon dicoxide production
paralleled those of oxygen consumption, the greater day-to-day variations
preclude any conclusions of significant chonzes during the carbon dioxide
exposure periocds.

Figure 6 shows dcad space calculations om subjects in the COz-1low
and COy-rich atmospheres. Along with soue high and spuriocusly very high
values obtained during some days in the chamber, there is a large number
of normal determinations during each phase of the experizent. Tor the
eight subjects considered as a group, there is a suggestive trend to slic zht
expansion of the dead space during exposure to carbon dioxide.

In Table V the daily average alveolar Paz valucs are presented only
to incdicate that at no time did alveolar Py, differ greatly from normal.
The changes in themsleves are not siznificant but only reflect the changes
in atmospheric POZ' Hypoxia was not a faetor in this experiment.

Blood pH. The summary of the pH data for venous blood, rccalculated
to a Pco2 of 40 mm Hg in each case, is presented in Figure 7, The four-day

means of blood pH taken during the exposure to the CO,~rich atuospheres

10



at 200 mxn Hg and at 7{0 mm Hg were not significantly different fxom the
preceding control periods., The increase in wmezn pH on the fourth day of
CO; exposure et 200 mm Hz, compared to the precedlng three days, was not

'~z

gtatistically significant, A 4 mm Hg increnment of alveolar 3002 would

be expected to reduce blood pH by approzimately .06 pH units. Recalculat-
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ing all blood saples to & PCGZ of 4% rm ¥3 cancel
However, renal cowpcnsations to respirateory acidosis tending to increase
the blood I would not bLe ecancelled out but would be reflected in pil values
above the baceline, The failure of the ncan pX level to show significan
increases indicates thzt a remal compensation, 1if it occurred, did not
measuratly affect blood pH.

Alvoolor-Avk-xwial (A-n) Coyoon Gredionts, The A-a oxygen gradients

wexe calculated in ovrder to evaluate tha potontial development of
atelectasis in the 100 percent oxygen atnosphore with and without additional
carbon dioxide., Thus, venousc-arterial shuating of blood conscquent to
atelectasis could be detected by increases of the L-a gradisnt. Though
possible developuent of atelectasis in fizhter pilots breathiny 180 percent
oxygen hag been raisad, none of the subjects in the present sevies of ex-
perinents developed sppreciable increeses in A-a gradients after four days
of 100 percent 0y nor after an additional four days of the 05 ~ COp
atmozphere, The data is swmarized in Table VI. The dininution of the
mean A-a gradient during the last arterial puncture was not statistically
significant, No evidence of pulmonary atelectasis was found anong these
eicght subjeacts even after eight days exposure to the nitrogen-free, oxygen

atmosphere.

DISCUSSICH

Of the numerous effects which the COs-rich atumoccphere may have upon

11



the body, there are two primary and interrelated changes, namely, hyper-
ventilation and hypercapnia. The hyperventilstion will limit the degree
of hypercapnia and is itself a consequence of the hypercapnia. The many
other concequences such ag tissue and blood zeidosis, increased blood
flow to the brain, and alterations in renal cxeretion, will be secc:ndax'};~
i to these two effects, Therefore, we have focused attention upon hyper-
ventilation and hypercapnia in evaluating tolerance for carbon dioxide
at 700 mm Hz and 200 rm Hz. These pressures were selected to cover a8 widé
range of procsures, For intermediate bayromatric pressures such as 258 ma
Hz (5 psi) used in recent space flights, the empacted changes could be
interpolated from our results, Below the total prcssure of 200 mm H
(100 percent oxycen), however, additional €O, will begin to add to the pro-
blem of hypo::ia.8

One nceds to kesp the notable hyperventilation already present in the
200 rm Hz, low CO» atmosphere im mind in cormparing the nearly identical
increases .in inspiratory minute ventilation upen addition of €O, 2t each
pressure as ccen in Table II, Thoush not all subjects hyperventilated
during the 209 mm ¥z, low CO, atmosphere, none hypoventilated. This hyper-
ventilation at 200 rm1 Mz was certainly not due to hypoxia since alveolar
POZ levels were altays above 90 mm Hg. It has been reported that 100 percent
0, at zea level causes hynerventilation and hypeccapnia, However, such studies
are not comparable to ours, since the alveolar Pg, in our experiment was
essentially normal during the eight days at 200 mm Hg. Another factor is
that the 200 mm Mz atmosphere, being less dense, demands less ventilatory ‘
effort. Hence, for an equivalent cnergy expenditure, the individual would
be able to ventilate more thouzh no attempt was made in the present study
to quantitate this effect,

The small differences in handling of €02 in the low pressure atmosphere

12



are only sujzestive, nenaly, a slightly lesser dejree of hypercapnia at
the expenze of a greater degree of hyperventilation, The experimental data
presented here denonstrate that tolerance for €0y in the low pressure

at :osphere {s substantially the same as for equivalent levels of Pcoz,
;saturatcd with H,0, 37°C at sea level,

The 2bility of individuals to subjectively detect this amount of
carbon dioxide was not always reliable, especially after prolonged
exposure, Iyperventilation, which wes their most sensitive clue, was less
noticeable after the first two days, or vhen subjects were active and
their minds diztracted with other motiters., Depth of respiration rather
then rate showed the grezatest change, The fact thaﬁ when CO2 was added to
the chamber, only cne subject developed a heodzche ot 700 mm Hg, vhereas
five subjects develepod hoadoches at 200 mm Bz, is of interest. If the
headaches were duc to hypercrnnia, one would have expected from the
alveolar PCOZ studices that more headeches would occur in the 700 mm Hy
atmosphere. The varisule, unpredictable nature of this symptom precludes
firm cenclusions in thils canll series. DMorecover, unmeasured peaks of
alveolar PCQZ oy have cccurred throushout tle day which could account
for the headaches.

Aside from the immediate recpiratory response to the elevated atmos-
pheric COy, there is no evidence in these respiratory studies of a gradual
accormodation to CO;. Though hyperventilaiion became less noticeable to
the subjects in the third and fourth days of exposure to the COp-rich
atmospheres, inspiratory minute volume did not diminish nor did alveolar
PCOZ increase, One might have expected such changes had metabolic compen-
sations of sufficient magnitude talen place. However, four days may not

have been long encugh for acclimatization to be complete,

13
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bt gubjects were suececsively cunosed to 21 m Hg of carbon

dioxide (saturated, 379C), cquivalent to thrce parcent at sea level in

8

an atmosphere of 700 ma H tetal pressure and in an oxygea atmesphere of
200 mn Hy total pressure. The duration of exposure to carbon diocuilde was
four cays in each case, Tolcrance for carbon dioxide was nearly the same

at the two differsnt pressures as meacured by thie deycee of nyperventilation
and hypercapnia preduced., There wvas no cvidence from the blood studies

of a pH shift dve to remal or metabolic conpensation during the exposure

10 objective evidence in the respiratory
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etudies of an cdaprive acclimatization fo carbon dioxide during the four-
cay exposures. There wos no deveolopment of sisnificant vencus-arterial
shunts during the euposure to the oxysen atuosphere. The subjective
ability to detect carbon dicoxide intthe atmosphere is not always reliable,

especially after prolonged cxposure,
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TABLE I,

SUMMARY OF ENVIRONMENTAL CONDITIONS

Type o Atmosphere

Centrel CO2 Rich zn Antonio Control 002 Rich
Ambient Low Pressure Low Presgure
Dive «f Eipzriment
1 thru &4 5 thru 8 9 thru 12 13 thru 16 17 thru 20
Total baromeztric -
pressere (am Hg) 700 700 730 ~ 10 200 200
pCO, (saturated
37°¢) 2.5%.6 21,319 2.5%.7 20.951.0
pO2 (saturated
37°¢) 148.583.7 155.173.4 142.1 73.6 127.0 3.1
pN, {saturated
37%) 493.7511.4 437.2 T11.0 2.742.3 2.7%1.4
% Relative
Humidity 64 80 43 47
Temperature (°C) 24.8 24,2 22.5 22.2

Averages of readings taken every 15 minutes,
average readings

Standard deviations follow the



TADLE II. INSPIRATORY IINUTE VOLUMS (V}I)

HICH CO %
L0 €O, HICGH CO, MINUS LOW €O, - INCREASE
. ) % e
VI at 700 mn Hy 6,32 9.93 3.581 57
. *
Vi at 200 mn By 6.801 16,53 3.72 55
Increose due to
reduced pressure
liters 0,69 0.60
Percent increase due
to reducecd proggure 3 6

% Represents liters/minute, BTPS, and is the average of eight subjects over
four cays.
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TABLE IV. TIDAL VOLUME, AND RESPIRATONY RATE

Low CO, High €Oy Increment % Increase
Tidal Volume at 700 m Ig 791 1.058 267 liters 34%
Tidal Volume at 200 mm Hg .737 .296 .259 liters 35%
Respiratory rate at 700 mm Hg 9.3 10.6 1.3 14%
Respiratory rate at 200 mm Hg 10,2 11.1 .9 9%

The above figurcs are averages of elght subjects over each four-day

period. Tidal volume is expressed in liters, BIPS, Respiratory rate
is ecxpressad in cycles per minute,



TABLE V, ALVEOLAR Pp,, tm Hg

Day=s In the Chamber

1 2 3 &4 5 6 7 8
700 tm g 99.0 99.0 105.2  98.5 128,2 123.4 126.8 124.3
200 mm g 110.4  108.6 108.6 107.7 104,1 103.1 105.3 105.0

Data presented alove are the daily averages of eight subjects., Days
1 to 4 are th2 low-C0, phase and days 5 to 8 ave the high-CO; phase,




TABLE VI. ALVEOLAR ARTIRIAL GRIDINNIS

-

700 e Mo 700 mm Hg 200 ma Hg 200 ma Hg

low CO2 high €O, low €O, high €Oy
Mean RAOZ 103.6 123.0 103.4 - 104.6
Mean Pao, °4.3 114.0 98.0 100.4
A-a gradicent 9.3 2.0 10.4 4,2

Samples were taken after four days exposure to cach of the above atmospheres,
Each figure represents the averazes of 6 to 7 subjects,

Experiments 62-6 and 63-1
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